habitat, community or ecosystem; or is indicative of the diversity of a subset of taxa, 2 or of wholesale diversity within an area". 3
There can be no single indicator for all aspects of biodiversity in all contexts. 4
The selection of appropriate bioindicators is likely to depend on the dimension of the 5 wider environment being evaluated, e.g. the type of habitat, or economic sector. The 6 issue is often guided by the availability of particular taxonomic expertise and 7 resources (Duelli & Obrist, 2003b). However, an essential first step in selecting 8 useful biodiversity indicators, is to identify taxa whose incidence best correlates with 9 overall taxon richness in a particular context (Sauberer et al. 2004 ). In order for 10 bioindicators to be used to their fullest advantage, it is also necessary to understand 11 the ecological relationships between the chosen indicator group(s) and wider 12 community structure, and the particular ecological influences they reflect (Paoletti, 13 1999 
Data analysis 1
After pooling all samples from individual fields, and so using sites as replicates 2 (n=10), the relationships between the taxon richness of each major arthropod group in 3 turn, and the total taxon richness of all other arthropod groups (excluding the group 4 being evaluated) were determined using linear model analyses in the R statistical 5 package; version 2.6.0 (R Development Core Team, 2006) . Prior to running these 6 analyses, the use of linear models was validated by testing the normality of response 7 variables using the Shapiro-Wilk test. could only be sampled under less than optimal wet conditions, they were excluded 21 from the analyses, leaving a total of 48 farms in the study. 22 from sampling at the original ten sites, the numbers of samples collected from each 4 field was increased from 10 to 20, and the size of each aggregate sample increased 5 from three to six randomly selected sampling spots, individually sampled for ten 6 seconds. The total area sampled per field was, therefore, increased four-fold from 0.6 7 m 2 to 2.4 m 2 . All other sampling details were as previously described. 8 9
Vegetation sampling 10
Botanical species richness and the mean relative abundance of dominant plant species 11 was estimated within swards on each of the 48 farm sites. Data were collected from 12 50 randomly located circular quadrats (3 dm 2 ) per sward, using the dry weight rank 13 presence-absence basis. Species were identified according to Stace (1997 
Data analysis 22
Using pooled data from individual sites as replicates (n=48), the relationships 23 between the taxon richness of each major arthropod group in turn, and that of all other 24 arthropod groups were quantified as described previously. Sample date was includedF o r P e e r R e v i e w 9 as a covariate in these models. Additionally, the larger sample size collected in the 1 commercial farm survey enabled the relationship between the abundance of each 2 arthropod group, and the total taxon richness of other arthropod groups to be similarly 3 quantified. Response variables were again tested for normality using the Shapiro-Wilk 4 test to validate the use of linear models. 5
The relationships between arthropod taxon richness and plant species richness 6 or mean sward height respectively were investigated using linear models as described 7 previously. total abundance of parasitoids and the taxon richness of other arthropods. As we were 6 only interested in a general prediction, a maximal model with a Poisson error 7 structure, including parasitoid abundance and sampling month as fixed effects, and 8 year of sampling as a random effect, was fitted. Likelihood ratio tests (χ2) were used 9 to determine which model parameters were significant. arthropod groups and total other arthropod taxon richness (excluding the evaluated 19 group) were investigated, only the parasitoid, identified initially to family and later to 20 genus level, showed a potentially useful significant relationship, although the 21 relationship at genus level was weaker than that for family (Table 1) . When making 22 multiple simultaneous assessments of the significance of individual correlation 23 statistics, a Bonferroni adjustment of the critical probability value (dividing the 24 conventionally accepted 5% error by the number of relationships beingF o r P e e r R e v i e w 11 simultaneously tested) is normally advocated to guard against the multiplied risk of 1 error (Sauberer et al. 2004 ). However, this adjustment is conservative, and when 2 routinely applied in the assessment of significance can increase the risk of a type II 3 error, whereby a genuinely significant finding can be erroneously rejected. We 4 therefore interpret the findings from the initial 10-site study as providing an indication 5 of support for our original hypothesis that parasitoid Hymenoptera are the most useful 6 arthropod bioindicator group within an agro-ecosystem context. Coleoptera species, 63 Hemiptera species, 121 parasitoid genera and 32 families of 12 Diptera. With the exception of Coleoptera abundance and species richness, sampling 13 date was found to be significant in all relationships investigated (Table 2) . Analyses 14 showed that with the exception of Coleoptera and Araneae, the taxon richness of all 15 major arthropod groups was significantly related to the total taxon richness of all 16 other groups ( Table 2 ). The statistical significance of these relationships (p<0.05) was 17 maintained even after Bonferroni adjustment of the acceptable probability of error. 18
However, parasitoid taxon richness provided the greatest r 2 value for relationships 19 with total other arthropod taxon richness (Table 2) . 20
The total abundances of Coleoptera, Hemiptera and parasitoids were also 21 significantly related to the total taxon richness of all other groups (Table 2 ). However 22 after Bonferroni adjustment, only parasitoid abundance remained a statistically 23 significant predictor of the total taxon richness of all other groups (Table 2) . Overall, 24 the abundance and genera richness of parasitoids (r 2 = 0.597 and 0.559, respectively) 25 F o r P e e r R e v i e w provided the best relationship with total arthropod taxon richness, with the species 1 richness of Hemiptera having the 'next best' relationship with overall arthropod taxon 2 richness (r 2 of 0.486) ( Table 2 ). 3
For most tested models, sampling date accounted for the majority of the 4 variance in the model (Table 2) . However, date accounted for 20.11% of the total 5 48.60% of the variance explained by the model using Hemiptera taxon richness, and 6 only 10.4% of the total 55.87% of variance explained by the model using parasitoid 7 taxon richness ( Table 2) . As with taxon richness, very little model variance (9.61%) 8 was explained by date when using parasitoid abundance as a predictor of total 9 arthropod taxon richness (Table 2) . 10 11 iii) Commercial farm survey -Plants 12
A total of 32 species of plant were identified from the swards on the 50 surveyed 13 farms and Lolium perenne was the dominant species (Appendix 1). Sward height had 14 a significant relationship (p=0.051) with total arthropod taxon richness, but only 15 explained 3.5% of the variance, while date explained 30.33% (Table 2 ). However, 16 there was no significant relationship between plant species richness and arthropod 17 taxon richness, although date was once again significant (Table 2) . The data from the 1970's showed a similarly strong relationship between parasitoid 21 abundance and other arthropod taxon richness (Table 3 ). There were significant 22 interactions between parasitoid abundance and sampling month, suggesting that 23 seasonality has a strong influence on the relationship (Table 3) . As the two years 24 differed in climate, model outputs were plotted separately (Fig. 1) . Although the parasitoid abundance is the same in both years. Earlier in the season, the slope of the 3 line is relatively steep, when the abundance of parasitoids is relatively low. Towards 4 the end of the season, however, parasitoid abundance reaches a peak and the slope 5 begins to flatten (Fig. 1) . It is important to not extrapolate beyond the data, as the 6 relationship will reach an asymptote as the seasonal diversity of arthropod taxa 7 reaches a late summer peak (Purvis and Curry, 1980) . 8 9
Discussion 10
Our studies demonstrate that parasitoid Hymenoptera have much potential as an 11 indicator group of arthropod taxon richness in agricultural grasslands. The initial 12 study of 10 grassland sites, provided some evidence to support our original hypothesis 13 regarding the potential bioindicator value of parasitoids at least at family level. 14 However, increasing the level of taxonomic resolution from families to genera in the 15 analysis of this original data set, did not improve the observed relationship (r 2 = 0.750 16 and 0.454 for parasitoid families and genera, respectively). Both the numbers of sites 17 and the size of samples taken in this initial study were small. As a large total number 18 of (75) parasitoid genera were collected in the relatively small total pooled sample, 19 totalling only 6 m 2 of grassland (0.6 m 2 x 10 sites), it seems likely that the actual 20 collection of any individual genus in this initial study was subject to a high degree of 21 uncertainty and random chance. In these circumstances, it might be expected that the 22 inventory of parasitoid families collected would be more comprehensive and 23 representative of the individual sites, and might therefore show a clearer relationship 24 with total observed arthropod diversity. quantification of parasitoid abundance, however, is relatively straightforward and a 3 practicable option for routine monitoring that eliminates the need for identification 4 skills. However, this relationship needs to be used with a degree of caution. The 5 abundance relationship has the form of a species accumulation curve, suggesting that 6 at any given site, as more sampling is undertaken, greater numbers of individual 7 parasitoids and other arthropod taxa are recovered. As more sampling is undertaken, 8 the numbers of other arthropod taxa start to level off as a more complete inventory for 9 the site is made, but the numbers of parasitoid individuals will continue to increase 10 ( Fig. 1) . For use in routine monitoring, it is therefore important that an effort be made 11 to understand the seasonal influence on the relationship in the context being studied, 12
and that subsequently, equal sampling effort is made for all sites being compared and 13 sites should be sampled as close together in season as possible. Our current study of 14 48 commercial farm sites was sampled over approximately five weeks and the 15 resulting model using parasitoid abundance as a predictor of other arthropod taxon 16 richness showed that sampling date explained only 9.6% of the variance. However, as 17 Purvis, G., Anderson, A., Baars, J-B., Bolger, T., Breen, J., Connolly, J., Curry, J., 24 Doherty, P., Doyle, M., Finn, J., Geijzendorffer, I., Helden, A., Kelly-Quinn, M., 
